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(54) Title of the Invention: 

SUBSTANCE CONSISTING OF HOST/GUEST COMPLEXES WHICH FORM CAVITANDS 
OR CIATHRATES, USED AS A CONTRAST MEDIUM 

(57) Abstract 

The invention concerns the use of host/guest complexes which 
form cavitands or clathrates as a contrast medium in ultra- 
sonic, radiological, or NMR investigations. 

Substance consisting of host/guest complexes which form 
cavitands or clathrates, used as a contrast medium. 

The invention concerns a substance consisting of host/guest complexes 
which form cavitands or clathrates, as described in Claim 1. 

The production of stoichiometric host/guest complexes, consisting of host 
molecules, essentially organic onium compounds, and gases or gas -producing 
substances as guest molecules, is described in the literature [Angew, Chem, , 
Vol. 97, p. 721, 1985]. Use of the host/guest complexes as a contrast medium 
is not described. 

The object of the invention is to provide a substance that can be used as 
a transport medium for contrast media for ultrasonic, radiological, or NMR 
investigations. In particular, the objective of the invention is to provide 
host/guest complexes that store the greatest possible volume of guest in a 
minimum weight of host. 

Surprisingly, it was found that the cavitands or clathrates cited in 
Claim 1 constitute a transport medium that dissolves completely and can be 
selected in such a way that it has no toxic effects at all on the biological 
material in which the investigation is to be conducted. 

Preferably, the substance used for ultrasonic investigations can contain, 
as the host molecules: 
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Water, urea and its derivatives, thiourea and its derivatives, phenol and 
substituted phenols, dihydroxybenzenes and their derivatives, hydroquinone and 
substituted hydroquinones , salicylic acid and its derivatives, tri-o- thymotide 
and its derivatives, ascorbic acid, flavins and their derivatives, flavanols 
and their derivatives, cyclophanes and their derivatives, guayacanin, naphtho- 
hydroquinones and their derivatives, cyclodextrin and its derivatives, espe- 
cially dimethyl - 1 - cyclodextrin , methyl - cyclodextrin , hydroxypropyl - 
^-cyclodextrin, chromans and their derivatives, eispecially 4-p-hydroxy- 
phenyl-2 , 2 , 4- trimethylchroman, 4-p-hydroxyphenyl-2 , 2 ,4- trimethylthiochroman, 
4-p-hydroxyphenyl -2,2,4,7- te trame thyl thiochroman , 4 - p -hydroxy phenyl -2,2.4- 
trime thy 1 selenium chroman, hexahost compounds, especially hexakis- 
(phenylthio)benzene and its derivatives, cyclotriveratrylene and its deriva- 
tives, 1,1' -binaphthyl-2,2' -dicarboxylic acid and its derivatives, onium com- 
pounds and their derivatives, acetylsalicylic acid, di-, tri-, and tetrasali- 
cylides, 9 , 9 ' -spirobif luorene-2 , 2 ' -dicarboxylic acid, choleic acids, 
4,4' -dinitrodiphenyl, his(N ,N' -alkylene benzidine) , bis(N,N' -te trame thylene 
benzidine), desoxycholic acid, monoaminonickel(III) cyanide, tetra(4-methyl- 
pyridine) nickel(II) dithiocyanates and their derivatives, hexamethylisocyani- 
doferrochlorides , 2 -phenyl- 3 -p- (2 , 2 ,4- trimethylchroman-4-yl)phenyl-4- 
quinazoline, cyclotriphosphazones , tris-1 ,2 ,phenyldioxy-cyclptri- 
phosphazones and as guest molecules: 

Noble gases and noble gas compounds, sulfur halides, nitrogen and 
nitrogen oxides, carbon oxides, hydrogen and hydrogen oxides, sulfur oxides, 
phosphorus hydrides, hydrogen halides, uranium halides, and oxygen, as well as 
hydrocarbons and their derivatives, epoxides, ethers, and halogenated hydro- 
carbons. 
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Particularly preferably, the substance used for ultrasonic investigation 
can contain as guest molecules helium, neon, argon, krypton, xenon, radon, 
sulfur hexafluoride, water, hydrogen peroxide, nitrogen monoxide, carbon mono- 
xide, carbon dioxide, hydrogen iodide, xenon difluoride, xenon tetraf luoride , 
xenon hexafluoride, xenon dioxide, sulfur dioxide, sulfur trioxide, arsenic 
trihydride, phosphorus hydride, deuterium, uranium hexafluoride, methane, 
ethane, propane, cyclopropane, butane, pentane, ethylene oxide, and methyl 
bromide. 

The particle size of the crystalline complexes can be influenced, part- 
icularly by the crystallization conditions, and also by mechanical methods of 
particle size reduction (air jet grinding). 

The crystalline complexes can be coated with hydrophilic, lipophilic, or 
amphiphilic auxiliary agents. 

Suitable as vehicles for applying the complexes are sterile aqueous sys- 
tems with additives to adjust the viscosity, surface tension, pH value, and 
osmotic pressure, in which the complexes preferably are dissolved before use, 
but can also be suspended and possibly emulsified. 

The host/guest complexes are introduced into an aqueous vehicle. Because 
the host molecules dissolve, the complexes are destroyed and the gas bubbles 
are released into the vehicle. The host molecules dissolved. in the vehicle no 
longer have any complexing properties. The rate of gas release and the size 
and duration of the gas bubbles can be controlled within a wide range by 
adjusting the nature of the enclosed gas or gas -producing substance, the 
nature of the host molecule, and the surface area or particle size as a func- 
tion of the viscosity and surface tension of the vehicle. 



Thus, surprisingly, it is possible to obtain injectable gas -containing 
pharmaceutical preparations with pronounced echogenic properties by a very 
simple method. 

In particular, it is possible to prepare the amount of gas required for 
in vivo contrasting of, for example, the left ventricle in humans, namely ca. 
150 /iL, with very small amounts of the active substance, in the range of 2-10 
mg/application, as shown in the following summary: 



TABLE 1. KEY: (a) hydroquinone/N2 ; (b) 
complex; (c) hydroquinone/Xe ; (d) Dianin's 
compound/SFg ; (e) Dianin's com- 
pound/argon ; ( f ) t r i - o - thymo t ide/me thane ; 
(g) tri-o-thymotide CHgBr; and (h) 
Dianin's compoui"id/N2 . 



Hydrcchir.on/Nj 


3:t Koniplax 


1 mg 


70 


Ul 


Hydrocfiinon/Xe 


3:1 • (b) 


1 mg 


63 


111 


DIanln/SFj 


3:1 " 


1 mg 


29 


Ul 


Dlanin/ArgoR 


2:1 " 


1 mg 


28 


Ml 


Tfl-a-Thymctide/Methan 


2:1 " 


1 mg 


23 


Ul 


Tri-o«Thymctlda CHjBr 


2:1 • 


1 mg 


21 


Ul 


01arin/N2 




1 mg 


103 


Ul 



4-(4-hydroxyphenyl)-2,2,4-trimethylchroman is called Dianin's compound, and is 
prepared as described in the literature [J. Russ Fhys , Chem. Soc, Vol. 46, p. 
1,310, 1914 and Chem. Zentr, Vol. I, p. 1,063, 1915]. 

Thus it is possible to provide a contrast medium for ultrasonic diagnosis 
which, after intravenous injection, allows ultrasonic visualization of the 
blood and its flow conditions on the right side of the heart and, after its 
passage through the pulmonary capillary bed, on the left side of the heart. 
Furthermore, it should also allow visualization of the flow of blood to other 
organs, such as the myocardium, liver, spleen, and kidneys. Likewise, it can 



be used for visualization of the efferent urinary tract and the gastrointesti- 
nal tract, the joints, the frontal sinus, and the eyes. 

Especially when gas molecules (for example xenon) that are capable of 
crossing the blood/brain barrier are used, ultrasonic visualization of the 
brain and its physiological and pathological structures is possible. 

If the substance according to the invention contains xenon, for example, 
this host/guest complex can be used as a radiological contrast medium. If 
stable radicals (for example, oxygen or nitroxyl radicals) are used, the sub- 
stances according to the invention can also be used as NMR contrast media. 

The invention is described in greater detail with the following examples: 

1. TRI-o-THYMOTIDE/METHYL BROMIDE 

Tri-o- thymotide (25 g) was dissolved in 2 , 2 ,4- trimethylpentane (50 mL) at 
lOO'C and the hot solution was placed in a high-pressure autoclave. Methyl 
bromide was introduced into the autoclave until a pressure of 200 bars was 
reached. The high-pressure autoclave was kept at 110* C for 2 hours and then 
the solution was cooled at room temperature for 5 days. The crystals were 
filtered off and washed three times with cold 2 , 2 ,4- trimethylpentane ; then the 
crystals were dried in a drying oven at 50"C, 

2. DIANIN'S COMPOUND (4-p-HYDROXYPHENYL- 2 , 2 ,4-TRIMETHYLC*HR0MAN)/ 

ETHYLENE OXIDE 

Dianin's compound (25 g) was dissolved in 1-decanol (35 g) at 125'C. The 
hot solution was placed in a high-pressure autoclave. The solution was pres- 
surized with compressed ethylene oxide to 300 bars. The high-pressure auto- 

6 



clave was kept at 140* C for 2 hours, then the solution was cooled at room tem- 
perature for 8 days. The crystals were filtered off and washed four times 
with cold 1-decanol (5 mL) ; then the crystals were dried in a drying oven at 
lOO'C, 

3. DIANIN'S COMPOUND (4-p-HYDR0XYPHENYL-2 , 2 ,4-TRIMETHYLCHROMAN)/ 

SULFUR HEXA FLUORIDE 

Dianin's compound (25 g) was dissolved in 1-decanol (35 g) at 125'C. The 
hot solution was placed in a high-pressure autoclave. The solution was pres- 
surized with compressed ethylene oxide to 300 bars. The high-pressure auto- 
clave was kept at 140** C for 2 hours, then the solution was cooled at room tem- 
perature for 8 days. The crystals were filtered off and washed four times 
with cold 1-decanol (5 mL) ; then the crystals were dried in a drying oven at 
100**C. 

[Foreign page 5 is missing .-- ,Tr.Ed.] . 

Dianin's compound (25 g) was dissolved in 1-decanol (35 g) at 125**C. The 
hot solution was placed in a high-pressure autoclave. The solution was pres- 
surized with compressed xenon to 300 bars. The high-pressure autoclave was 
kept at 140'C for 2 hours, then the solution was cooled at room temperature 
over 8 days. The crystals were filtered off and washed four times with cold 
1-decanol (5 mL) ; then the crystals were dried in a drying oven at 100*C. 

11. DIANIN'S COMPOUND (4-p-HYDROXYPHENYL- 2 , 2 , 4-TRIMETHYLCHR0MAN)/ARG0N 

Dianin's compound (25 g) was dissolved in 1-decanol (35 g) at 125'C. The 
hot solution was placed in a high-pressure autoclave. The solution was pres- 
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surized with compressed argon to 300 bars. The high-pressure autoclave was 
kept at 140" C for 2 hours, then the solution was cooled at room temperature 
for 8 days. The crystals were filtered off and washed four times with cold 
1-decanol (5 mL) ; then the crystals were dried in a drying oven at 100*C. 
Melting point: 160. 84* C. 

12 . HYDROQUINONE/METHANE 

Hydroquinone (30 g) was dissolved in n-propanol (70 mL) at 70*C. The hot 
solution was placed in a high-pressure autoclave. The solution was pressur- 
ized with compressed methane to 300 bars. The high-pressure autoclave was 
kept at 80"C for 2 hours, then the solution was cooled at room temperature 
for 5 days. The crystals were filtered off and washed four times with cold 
n-propanol (5 mL) ; then the crystals were dried in a drying oven at 70**C. 

13 . HYDROQUINONE/SULFUR HEXAFLUORIDE 

Hydroquinone (30 g) was dissolved in n-propanol (70 mL) at 70*'C. The hot 
solution was placed in a high-pressure autoclave. The solution was pressur- 
ized with compressed sulfur hexafluoride to 300 bars. The high-pressure auto- 
clave was kept at 80"C for 2 hours, then the solution was cooled at room tem- 
perature for 5 days. The crystals were filtered off and washed four times 
with cold n-propanol (5 mL) ; then the crystals were dried in a drying oven at 
70*C. 
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14 . HYDROQUINONE/PROPANE 

Hydroquinone (30 g) was dissolved in n-propanol (70 mL) at 70*C. The hot 
solution was placed in a high-pressure autoclave. The solution was pressur- 
ized with compressed propane to 300 bars. The high-pressure autoclave was 
kept at 80* C for 2 hours, then the solution was cooled at room temperature 
for 5 days. The crystals were filtered off and washed four times with cold 
n-propanol (5 mL) ; then the crystals were dried in a drying oven at 70*C. 

15 . HYDROQUINONE/ETHANE 

Hydroquinone (30 g) was dissolved in n-propanol (70 mL) at 70**C. The hot 
solution was placed in a high-pressure autoclave. The solution was pressur- 
ized with compressed ethane to 300 bars. The high-pressure autoclave was kept 
at 80'C for 2 hours, then the solution was cooled at room temperature for 5 
days. The crystals were filtered off and washed four times with cold n-propa- 
nol (5 mL) ; then the crystals were dried in a drying oven at 70*C. 

16. HYDROQUINONE/CARBON DIOXIDE 

Hydroquinone (30 g) was dissolved in n-propanol (70 mL) at 70*C. The hot 
solution was placed in a high-pressure autoclave. The solution was pressur- 
ized with compressed carbon dioxide to 300 bars. The high-pressure autoclave 
was kept at 80* C for 2 hours, then the solution was cooled at room temperature 
for 5 days. The crystals were filtered off and washed four times with cold 
n-propanol (5 mL) ; then the crystals were dried in a drying oven at 70*C. 



9 



17. HYDROQUINONE/ETHYLENE OXIDE 

Hydroquinone (30 g) was dissolved in n-propanol (70 mL) at 70*C. The hot 
solution was placed in a high-pressure autoclave. The solution was pressur- 
ized with compressed ethylene oxide to 300 bars. The high-pressure autoclave 
was kept at 80*C for 2 hours, then the solution was cooled at room temperature 
for 5 days. The crystals were filtered off and washed four times with cold 
n-propanol (5 mL) ; then the crystals were dried in a drying oven at 70**C. 

18, HYDROQUINONE/CYCLOPROPANE 

Hydroquinone (30 g) was dissolved in n-propanol (70 mL) at 70*0. The hot 
solution was placed in a high-pressure autoclave. The solution was pressur- 
ized with compressed cyclopropane to 300 bars. The high-pressure autoclave 
was kept at 80* C for 2 hours, then the solution was cooled at room temperature 
for 5 days. The crystals were filtered off and washed four times with cold 
n-propanol (5 mL) ; then the crystals were dried in a drying oven at 70* C. 

19 . HYDROQUINONE/NITROGEN 

Hydroquinone (30 g) was dissolved in n-propanol (70 mL) at 70*C. The hot 
solution was placed in a high-pressure autoclave. The solution was pressur- 
ized with compressed nitrogen to 300 bars. The high-pressure autoclave was 
kept at 80"C for 2 hours, then the solution was cooled at room temperature 
for 5 days. The crystals were filtered off and washed four clrnes with cold 
n-propanol (5 mL) ; then the crystals were dried in a drying oven at 70°C. 
Melting point: ITS.ga'C. 
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20 . HYDROQUINONE/XENON 

Hydroquinone (30 g) was dissolved in ji-propanol (70 mL) at 70'C. The hot 
solution was placed in a high-pressure autoclave. The solution was pressur- 
ized with compressed xenon to 300 bars. The high-pressure autoclave was kept 
at 80"C for 2 hours, then the solution was cooled at room temperature for 5 
days. The crystals were filtered off and washed four times with cold n-propa- 
nol (5 mL) ; then the crystals were dried in a drying oven at 70'C. 

2 1 . HYDROQUINONE/ARGON 

Hydroquinone (30 g) was dissolved in n-propanol (70 mL) at 70'C. The hot 
solution was placed in a high-pressure autoclave. The solution was pressur- 
ized with compressed argon to 300 bars. The high-pressure autoclave was kept 
at 80**C for 2 hours, then the solution was cooled at room temperature for 5 
days. The crystals were filtered off and washed four times with cold n-propa- 
nol (5 mL) ; then the crystals were dried in a drying oven at 70**C. Melting 
point: 175.67*C. 

22. UREA/BUTANE 

4 g urea was dissolved in 12 mL of ethanol at 60**C, then the solution was 
placed in a high-pressure autoclave and pressurized with butane to 150 bars. 
The solution was cooled from SO^C to room temperature over 48 hours. The 
solution with H/G crystals was removed from the autoclave, filtered, and the 
H/G crystals were washed with 10 mL of cold ethanol. The H/G complex crystals 
were dried in a vacuum oven at 60 'C. 
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23. UREA/I SOBUTANE 

4 g urea was dissolved in 12 mL of ethanol at 60* C, then the solution was 
placed in a high-pressure autoclave and pressurized with isobutane to 150 
bars. The solution was cooled from 80* C to room temperature over 48 hours. 
The solution with H/G crystals was removed from the autoclave, filtered, and 
the H/G crystals were washed with 10 mL of cold ethanol. The H/G complex 
crystals were dried in a vacuum oven at 60* C. Melting point: 138. 50' C. 

24 . UREA/NEOPENTANE 

4 g urea was dissolved in 12 mL of ethanol at 60* C, then the solution was 
placed in a high-pressure autoclave and pressurized with neopentane to 150 
bars. The solution was cooled from 80* C to room temperature over 48 hours. 
The solution with H/G crystals was removed from the autoclave, filtered » and 
the H/G crystals were washed with 10 mL of cold ethanol. The H/G complex 
crystals were dried in a vacuum oven at 60*C. Melting point: 138.79*C. 

25 . THIOUREA/BUTANE 

4 g thiourea was dissolved in 12 mL of ethanol at 60* C, then the solution 
was placed in a high-pressure autoclave and pressurized with butane to 150 
bars. The solution was cooled to room temperature over 60 hours. The solu- 
tion with H/G crystals was removed from the autoclave, filtered, and the H/G 
crystals were washed with 10 mL of cold ethanol. The H/G complex crystals 
were dried in a vacuum oven at 60* C. 
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26 . THIOUREA/ISOBUTANE 

4 g thiourea was dissolved in 20 mL of ethanol at 60' C, then the solution 
was placed in a high-pressure autoclave and pressurized with isobutane to 150 
bars. The solution was cooled to room temperature over 60 hours. The solu- 
tion with H/G crystals was removed from the autoclave, filtered, and the H/G 
crystals were washed with 10 mL of cold ethanol. The H/G complex crystals 
were dried in a vacuum oven at 60**C. Melting point: 181.34*0. 

27. THIOUREA/NEOPENTANE 

4 g thiourea was dissolved in 20 mL of ethanol at 60* C, then the solution 
was placed in a high-pressure autoclave and pressurized with neopentane to 150 
bars. The solution was cooled to room temperature over 60 hours. The solu- 
tion with H/G crystals was removed from the autoclave, filtered, and the H/G 
crystals were washed with 10 mL of cold ethanol. The H/G complex crystals' 
were dried in a vacuum oven at 60* C. 

28. VEHICLE 

A: Examples of suitable vehicles for hydroquinone , tri-o- thymotide-urea, 
and thiourea H/G complexes are the following solutions: 

(a) 1% gelatin solution; 

(b) 1% albumin solution; 

(c) 10% glycerin solution; 

(d) 15% propylene glycol solution; 

(e) mixtures of sodium chelate and phosphatidylcholine in water; 

(f) 0.01-1% phosphatidylcholine dispersion (aqueous); 
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(g) 1% methylcellulose; 

(h) 1-2% dextran solution; 
(1) 1% agar solution; 

(j) 2% Tween solution (Tween 80); 

(k) 1% gum arable. 



B: Examples of suitable vehicles for Dianin's compound H/G complexes are 
the following: 

(a) 10-20% 2-(2-methoxyethoxy)ethanol; 

(b) mixtures of 2- (2-methoxyethoxy)ethanol (20%) and Tween 80 (1%). 

IN VITRO ULTRASONIC INVESTIGATIONS 

The acoustic properties of the H/G-complex-vehicle systems were deter- 
mined with in vitro ultrasonic investigations. 

For this purpose, ca. 1-5 mg of the H/G complexes in 10-20 mL was mixed 
with one of the vehicles listed and then investigated with ultrasonic scan- 
ners. 

For qualitative investigations, the Ekoline 20A/S ultrasonic scanner was 
used in the frequency range 1-5 MHz. 

Quantitative measurements of the acoustic properties were obtained in an 
apparatus with the Kraut-Kraemer U.S.I. P-12 ultrasonic scanner at 4 MHz. The 
results for four systems are presented here as examples (Figures 1-4). 

Figure 1: Urea/isobutane (Example 23) in 2% Tween 80 solution; 

Figure 2: Thiourea/isobutane (Example 26) in 1% dextran solution; 

Figure 3: Hydroquinone/argon (Example 21) in 1% gelatin solution; 

Figure 4: Dianin's compound/argon (Example 21) in 10% 2- (2-methoxy- 
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e thoxy ) e thano 1 . 

Explanation of the ultrasonic measurement apparatus and the figures 
obtained from it: 

The apparatus consists of an ultrasonic transmitter combined with a 
receiver and a measurement cell containing the sample. To measure the acous- 
tic properties of the sample, an ultrasonic impulse is transmitted, Backscat- 
tered ultrasound is measured by the receiver and indicated by a change in 
amplitude (see figures). Each of the figures shows only one change in ampli- 
tude, caused by backscattering of the ultrasound on the front wall of the 
measurement cell. A second change in amplitude, caused by backscattering on 
the rear wall of the measurement cell, is obtained only with non-echogenic 
substances (for example, water). In the case of echogenic substances, no sec- 
ond backscattering signal is obtained, because the ultrasound dissipates in 
the sample, or is so altered that it can no longer be received. 

CLAIM(S) 

1. Substance consisting of host/guest (H/G) complexes which form cavi- 
tand s or clathrates, whose host molecules dissolve in a liquid vehicle, 
releasing the guest, as a contrast medium in ultrasonic, radiological, or NMR 
investigations. 

2. Substance as described in Claim 1 used for ultrasonic investigations, 
containing as the host molecules: 

Water, urea and its derivatives, thiourea and its derivatives, phenol and 
substituted phenols, dihydroxybenzenes and their derivatives, hydroquinone and 
substituted hydroquinones , salicylic acid and its derivatives, tri-o- thymotide 
and its derivatives, ascorbic acid, flavins and their derivatives, flavanols 
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and their derivatives, cyclophanes and their derivatives, guayacanin, naphtho- 
hydroquinones and their derivatives, chromans and their derivatives, espe- 
cially 4 -p -hydr oxypheny 1 -2,2,4- 1 r ime thylchroman , 4 - p -hydroxyphenyl -2,2,4- tr i - 
methylthiochroman, 4-p-hydroxyphenyl-2 , 2 ,4 , 7- tetramethylthiochroman, 4-p- 
hydroxyphenyl-2 , 2 ,4- triraethylselenium chroman, hexahost compounds, especially 
hexakis (phenyl thio)ben2ene and its derivatives, cyclotriveratrylene and its 
derivatives, 1,1' -binaphthyl-2,2' -dicarboxylic acid and its derivatives, onium 
compounds and their derivatives, acetylsalicylic acid, di-, tri-, and tetras- 
alicylides, 9 , 9 ' -spirobif luorene-2 , 2 ' -dicarboxylic acid, choleic acids, 
4,4' -dinitrodiphenyl, his- (N,N' -alkylene benzidine) , bis- {N ,N' - tetramethylene 
benzidine), desoxycholic acid, monoaminonickel(III) cyanide, tetra(4-methyl- 
pyridine) nickel (II) dithiocyanates and their derivatives, hexamethylisocyani- 
dof errochlor ides , 2 - phenyl -3-p-(2,2,4- tr ime thyl - chroman- 4 - y 1 ) phenyl - 4 - 
quinazoline , cyclotriphosphazones , tris-1 , 2 ,phenyldioxycyclotriphosphazones , 
and as guest molecules: 

Noble gases and noble gas compounds, sulfur halides, nitrogen and 
nitrogen oxides, carbon oxides, hydrogen and hydrogen oxides, sulfur oxides, 
phosphorus hydrides, hydrogen halides, uranium halides, and oxygen, as well as 
hydrocarbons and their derivatives, epoxides, ethers, and halogenated hydro- 
carbons . 
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PARTIAL TRANSLATION : 

(19) European Patent Office (11) Document No.: 337,163 Al 

Foreign page 5 which was missing from Che translation follows: 

4. DIANIN'S COMPOUND (4-p-HyDROXYPHENYL-2 . 2 .4-TRIMETHYLCHROMAN)/ 

ETHANE 

Dianin's compound (25 g) was dissolved in 1-decanol (35 g) at 125*C. The 
hot solution was placed in a high-pressure autoclave. The solution was pres- 
surized with compressed ethane to 300 bars. The high-pressure autoclave was 
kept at 140* C for 2 hours, then the solution was cooled at room temperature 
for 8 days. The crystals were filtered off and washed four times with cold 
1-decanol (5 mL) ; then the crystals were dried in a drying oven at 100* C. 

5. DIANIN'S COMPOUND (4-p-HYDROXYPHENYL-2 , 2 ,4-TRIMETHYLCHROMAN)/ 

PROPANE 

Dianin's compound (25 g) was dissolved in 1-decanol (35 g) at 125*C. The 
hot solution was placed in a high-pressure autoclave. The solution was pres- 
surized with compressed propane to 300 bars. The high-pressure autoclave was 
kept at 140* C for 2 hours, then the solution was cooled at room temperature 
for 8 days. The crystals were filtered off and washed four times with cold 
1-decanol (5 mL) ; then the crystals were dried in a drying oven at 100*C. 

6. DIANIN'S COMPOUND (4 -p-HYDROXYPHENYL-2 , 2 .4-TRIMETHYLCHROMAN)/ 

CARBON DIOXIDE 



Dianin's compound (25 g) was dissolved in 1-decanol (35 g) . at 125*C. The 



hot solution was placed in a high-pressure autoclave. The solution was pres- 
surized with compressed carbon dioxide to 300 bars. The high-pressure auto- 
clave was kept at 140^*0 for 2 hours, then the solution was cooled at room tem- 
perature for 8 days. The crystals were filtered off and washed four times 
with cold 1-decanol (5 mL) ; then the crystals were dried in a drying oven at 
100*C. 

7. DIANIN'S COMPOUND (4-p-HYDR0XYPHENYL-2 , 2 .4-TRIMETHYLCHROMAN)/ 

CYCLOPROPANE 

Dianin's compound (25 g) was dissolved in 1-decanol (35 g) at 125*C. The 
hot solution was placed in a high-pressure autoclave. The solution was pres- 
surized with compressed cyclopropane to 300 bars. The high-pressure autoclave 
was kept at 140*C for 2 hours, then the solution was cooled at room tempera- 
ture for 8 days. The crystals were filtered off and washed four times with 
cold 1-decanol (5 mL) ; then the crystals were dried in a drying oven at lOO^'C. 

8. DIANIN'S COMPOUND (4-p-HYDR0XYPHENYL-2 , 2 , 4-TRIMETHYLCHROMAN)/ 

METHANE 

Dianin's compound (25 g) was dissolved in 1-decanol (35 g) at 125*C. The 
hot solution was placed in a high-pressure autoclave. The solution was pres- 
surized with compressed methane to 300 bars, The high-pressure autoclave was 
kept at 140*C for 2 hours, then the solution was cooled at room temperature 
for 8 days. The crystals were filtered off and washed four times with cold 
1-decanol (5 mL) ; then the crystals were dried in a drying oven at 100*C. 
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9. DIANIN'S COMPOUND (4-p-HYDROXYPHENYL-2 , 2 . 4-TRIMETHYLCHROMAN)/ 

NITROGEN 

Dianin's compound (25 g) was dissolved in 1-decanol (35 g) at 125"C. The 
hot solution was placed in a high-pressure autoclave. The solution was pres- 
surized with compressed nitrogen to 300 bars. The high-pressure autoclave was 
kept at 140"C for 2 hours, then the solution, was cooled at room temperature 
for 8 days. The crystals were filtered off and washed four times with cold 
1-decanol (5 mL) ; then the crystals were dried in a drying oven at 100"C. 

10. DIANIN'S COMPOUND (4-p-HYDR0XYPHENYL-2 , 2 , 4-TRIMETHYLCHROMAN)/ 

XENON 

Dianin's compound (25 g) was dissolved in 1-decanol (35 g) at 125*0. The 
hot solution was placed in a high-pressure autoclave. The solution was pres- 
surized with compressed xenon to 300 bars. (See original document submitted 
for rest of the translation,) 
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